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Abstract 
The research initiative CITY 2020+ assesses the risks and opportunities for residents in urban 
built environments under projected demographic and climate change for the year 2020 and 
beyond, using the City of Aachen as a case study. Organized into 3 clusters, CITY 2020+ devel-
ops scenarios, options and tools for planning and developing sustainable future city structures. 
We investigate how urban environment, political structure and residential behavior can best be 
adapted, with attention to the interactions among structural, political, and sociological configu-
rations and with their consequences on human health. 
 
1. Introduction 
Europe has an aging infrastructure and an aging population. Demographers project that 
in the EU-25-States by 2050, approximately 30% of the population will be over age 65. 
An aging workforce and population combined with higher energy prices, environmental 
concern, and technological changes are likely to transform living and working arrange-
ments. Also by 2050, average temperatures are projected to rise by 1 to 2 K, and sum-
mers in Central Europe may exhibit prolonged dry periods (IPCC 2007). Combined, 
Europe can expect enhanced thermal stress and higher levels of particulate matter. 
Within CITY 2020+ (see Fig. 1) there are among other sub-projects three climatological 
projects dealing with 
(1) a micro-scale assessment of vegetation impacts to low-level cold-air drainage flow 
into the city centre, 
(2) a detailed analysis of the change of probability density functions related to the oc-
currence of heat waves during summer, 
(3) a meso-scale analysis of particulate matter concentrations depending on topogra-
phy, local meteorological conditions and synoptic-scale weather patterns. 
First results from measurement campaigns and surveys regarding environment and go-
vernance are presented. 
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Fig. 1:  Structure of the research project City2020+  
 
2. Optimizing suburban vegetation structures for enhanced cold air drainage 
flow, maximum air quality and bioclimatic effects 
The topography of Aachen in a basin causes air quality problems as the exchange of air 
in the city centre is limited. Cold air drainage flows are able to reduce this problem, as 
they bring fresh and cool air into the city centre. Due to increasing temperatures related 
to global warming these cold air drainage flows become even more important in the 
future, since cities are more suffering from thermal stress than rural areas (e.g. Matzara-
kis et al. 2009). In order to investigate the impact of vegetation on the cold air drainage 
flow four measurement units (small and medium-sized weather stations) were set up in 
two different valleys in the south fringe of Aachen. Most of them are placed in vegeta-
tion stands to allow measurements of the cold air flow within the vegetation stands (Fig. 
2). Additionally, data is collected by cross valley profiles and balloon measurements 
(Fig 3). The cold air flow reaches up to 27 m above ground. Since the valley is about 
200 m wide and wind speeds are typically around 1 ms-1 this inflow to the city is of ma-
jor importance regarding air quality of the city centre of Aachen. 
 
 
Fig. 2:  Suburban valley with the same weather station in March (left) and July 2009 
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Fig. 3:  Cross valley profile (left, 13.06.2009, 21:15 – 21:35pm) and balloon measure-
ment (right, 13.06.2009, 21:26 – 22:04pm) showing cold air quantities at loca-
tion “Kannegießertal” 
 
3. Climate change and probability of summer heat waves in urban areas 
Ongoing global warming, which is detected since the end of the 19th century by obser-
vational data is going to continue as suggested by the outputs of global and regional 
climate models (IPCC 2007). Besides increasing mean temperatures the climate change 
implicates an alteration in the probability of occurrence of extreme events (e.g. Beniston 
et al. 2007, Wigley 2009). Various studies show that climate change causes longer last-
ing and intensified periods of hot summer days resulting in an enhanced probability of 
heat stress situations (Meehl & Tebaldi 2004; Schär et al. 2004; Della-Marta et al. 2007) 
and associated public health risks (Kirch 2005, Gosling et al. 2009). In order to address 
this issue, weather station data from Aachen (German weather service, DWD) and the 
output from the regional climate model STAR2 (Orlowsky et al. 2008), based on IPCC 
SRES scenario. Fig. 4 illustrates daily summer and winter maximum temperatures for 
the City of Aachen showing a shift in the probability density functions (PDF) to warmer 
conditions. Heat wave situations in summer are likely to occur in future more often sup-
porting findings from earlier studies mentioned above. 
 
Fig. 4: Probability density functions for different 30-year periods for daily summer 
and winter maximum temperatures 
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4.  Weather dependent concentrations of air pollutants in the City of Aachen 
Particulate matter and gaseous pollutants are common important environmental cofac-
tors for many different cardiovascular and respiratory diseases (Valavanidis et al. 2008). 
The spatio-temporal distribution of PM10 and PM2.5 levels in the City of Aachen are 
investigated by small scale measurements and geo-statistical analyzes. The influences of 
geographic factors and synoptic scale weather types are considered. Aachen is situated 
in a basin which negatively affects the exchange conditions (Havlik & Ketzler 2000). 
Measurements of particulate matter (PM10, PM2.5) in an inner city area of 
2.5 x 2.5 km² are combined with meteorological investigations and analyzes of gaseous 
pollutants. For the investigation of both particulate and gaseous species, two locations 
are selected from the PM-measurement grid (figure 5) which covers 40 measurement 
points. The first site is located in an average urban environment with minor local emis-
sion-sources while the second location lies within a heavily polluted street canyon. In 
addition to the spatial comparison of the urban and the traffic site, the temporal variabil-
ity of particulate and gaseous pollutants dependent on meteorological influences is ex-
amined. Two weather types with different impacts on air quality are analyzed. The im-
pact of weather types and meteorology on PM10 concentrations in the area of Aachen 
has been investigated by Merbitz (2009), identifying the wind speed as primary factor 
governing PM concentrations in the inner urban area, especially during winter. Addi-
tionally, precipitation impacts PM10 levels considerably. Wind speed being related to 
atmospheric exchange conditions and precipitation are negatively correlated determi-
nants for the daily PM10 levels in urban areas (e.g. Klinger & Sähn 2008; Holst et al. 
2008), affecting local air quality especially at near-traffic locations. Beside the meteoro-
logical analyzes the investigation includes a chemical characterization of sampled gase-
ous pollutants. The air-sampling system consists of specific sorbent tubes (Tenax TA 
and Carbosieve™) for the detection of different volatile compounds. The identification 
of the composition is carried out via gas chromatography. 
 
Fig. 4:  Selected air quality measurement locations in Aachen and mean interpolated 
level of PM10 concentrations in µg/m³ in autumn 2009 
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5.  Implication of demographic and climate change for governance best practice 
City2020+ also addresses the local conditions under which changes are implemented. 
How do urban actors notice climate and demographic changes? How do they estimate 
problems and risks? Which courses of action do they know and under what circum-
stances are they willing to implement them? We try to answer these questions with a 
“governance perspective” (Mayntz 1997, Schimank 2007, Selle 2008) considering ur-
ban development policy in Aachen. Among other activities a workshop was carried out 
in December 2009 where local actors were asked to discuss climate and demographic 
change as subject of local governance processes. The two days workshop was attended 
by 45 participants, from the fields of research and practice. It become evident that there 
are already many different players who by now have started outreaching initiatives to 
cope with the effects and consequences of demographic and climate changes. However, 
these stakeholders need to join forces especially because local government cannot allo-
cate sufficient financial resources for new measures and activities. Communication and 
cooperation between local protagonists are key issues in order to address climate mitiga-
tion and adaption as an integrated part of urban development strategies. Further research 
will address the deficiencies and hindrances of measures aiming at climate mitigation 
and climate adaptation. 
 
6. Conclusions 
The first results from measurement campaigns and surveys show the importance of cold 
air flow for air quality, likely increased occurrence of heat waves in the future, high 
spatial and temporal variability of PM concentrations and growing awareness amongst 
stakeholders towards climate and demographic changes in cities. At a later stage 
City2020+ will propose new strategies based on cooperation from the fields of medi-
cine, geography, sociology, history, civil engineering, and architecture for adapting the 
city for future needs. 
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